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( 57 ) ABSTRACT 
Certain aspects of the present disclosure generally relate to 
a static random - access memory ( SRAM ) implemented using 
both a gate - all - around ( GAA ) -type transistor and a fin 
field - effect transistor ( FinFET ) . For example , certain aspects 
are directed to an SRAM memory cell having a flip - flop ( FF ) 
having a pull - up ( PU ) transistor and a pull - down ( PD ) 
transistor , and a pass - gate ( PG ) transistor coupled between 
a bit line of the SRAM memory cell and the FF , a gate of the 
PG transistor being coupled to a word line ( WL ) of the 
SRAM memory cell . In certain aspects , at least one of the 
PU transistor , the PD transistor , or the PG transistor com 
prises a GAA transistor , and at least another one of the PU 
transistor , the PD transistor , or the PG transistor comprises 
a FinFET . 
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GATE - ALL - AROUND ( GAA ) AND FIN FIG . 1 illustrates example components and interconnec 
FIELD - EFFECT TRANSISTOR ( FINFET ) tions in a system - on - chip ( SoC ) suitable for implementing 
HYBRID STATIC RANDOM - ACCESS various aspects of the present disclosure . 

MEMORY ( SRAM ) FIG . 2 illustrates a memory cell of a static random access 
memory ( SRAM ) , in accordance with certain aspects of the 

TECHNICAL FIELD present disclosure . 
FIGS . 3A , 3B , 3C , and 3D are cross - sectional views of an 

Certain aspects of the present disclosure generally relate example gate - all - around ( GAA ) transistor and illustrate 
to electronic components and , more particularly , to a static example operations for fabricating the GAA transistor . 
random - access memory ( SRAM ) . FIGS . 4A and 4B are top and cross - sectional views , 

respectively , of an example SRAM having pass - gate ( PG ) 
BACKGROUND and pull - down ( PD ) transistors implemented as GAA tran 

sistors and a pull - up ( PU ) transistor implemented as a fin 
Transistors are essential components in modern electronic field - effect transistor ( FinFET ) , in accordance with certain 

devices . Large numbers of transistors are employed in aspects of the present disclosure . 
FIGS . 5A and 5B are top and cross - sectional views , integrated circuits ( ICs ) in many modern electronic devices . 

For example , components such as central processing units respectively , of an example SRAM having a PD transistor 
implemented as a GAA transistor and PU and PG transistors ( CPUs ) and memory systems each employ a large quantity implemented as FinFETs , in accordance with certain aspects of transistors for logic circuits and memory devices . 20 of the present disclosure . 

As electronic devices become more complex in function FIGS . 6A and 6B are a top and cross - sectional views , ality , so does the need to include a greater number of respectively , of an example SRAM having PD and PU 
transistors in such devices . However , as electronic devices transistors implemented as GAA transistors and a PG tran 
are provided in increasingly smaller packages , such as in sistor implemented as a FinFET , in accordance with certain 
mobile devices , for example , a greater number of transistors 25 aspects of the present disclosure . 
may be provided in a smaller IC chip . This increase in the FIGS . 7A and 7B are top and cross - sectional views , 
number of transistors is achieved in part through continued respectively , of an example SRAM having PG and PU 
efforts to miniaturize transistors in ICs . transistors implemented as GAA transistors and a PD tran 

sistor implemented as a FinFET , in accordance with certain 
SUMMARY 30 aspects of the present disclosure . 

15 

Certain aspects of the present disclosure generally relate DETAILED DESCRIPTION 
to a static random - access memory ( SRAM ) implemented 
using both a gate - all - around ( GAA ) -type transistor and a fin The word “ exemplary ” is used herein to mean “ serving as 
field - effect transistor ( FinFET ) . 35 an example , instance , or illustration . ” Any aspect described 

Certain aspects are directed to an SRAM memory cell . herein as “ exemplary ” is not necessarily to be construed as 
The SRAM memory cell generally includes a flip - flop ( FF ) preferred or advantageous over other aspects . 
having a pull - up ( PU ) transistor and a pull - down ( PD ) As used herein , the term " connected with ” in the various 
transistor , and a pass - gate ( PG ) transistor coupled between tenses of the verb " connect ” may mean that element A is 
a bit line ( BL ) of the SRAM memory cell and the FF , a gate 40 directly connected to element B or that other elements may 
of the PG transistor being coupled to a word line ( WL ) of the be connected between elements A and B ( i.e. , that element 
SRAM memory cell . In certain aspects , at least one of the A is indirectly connected with element B ) . In the case of 
PU transistor , PD transistor , or PG transistor comprises a electrical components , the term “ connected with ” may also 
GAA transistor , and at least another one of the PU transistor , be used herein to mean that a wire , trace , or other electrically 
the PD transistor , or the PG transistor comprises a FinFET . 45 conductive material is used to electrically connect elements 

Certain aspects are directed to an SRAM . The SRAM A and B ( and any components electrically connected ther 
generally includes a plurality of memory cells , each of the ebetween ) . 
plurality of memory cells comprising a FF having a PU The detailed description set forth below in connection 
transistor and a PD transistor , and a PG transistor coupled with the appended drawings is intended as a description of 
between a BL of the SRAM and the FF , a gate of the PG 50 various configurations and is not intended to represent the 
transistor being coupled to one of a plurality of WLs of the only configurations in which the concepts described herein 
SRAM . In certain aspects , at least one of the PU transistor , may be practiced . The detailed description includes specific 
the PD transistor , or the PG transistor comprises a GAA details for the purpose of providing a thorough understand 
transistor , and at least another one of the PU transistor , the ing of various concepts . However , it will be apparent to 
PD transistor , or the PG transistor comprises a FinFET . 55 those skilled in the art that these concepts may be practiced 

without these specific details . In some instances , well 
BRIEF DESCRIPTION OF THE DRAWINGS known structures and components are shown in block dia 

gram form in order to avoid obscuring such concepts . 
So that the manner in which the above - recited features of The various aspects will be described in detail with 

the present disclosure can be understood in detail , a more 60 reference to the accompanying drawings . Wherever pos 
particular description , briefly summarized above , may be by sible , the same reference numbers will be used throughout 
reference to aspects , some of which are illustrated in the the drawings to refer to the same or like parts . References 
appended drawings . It is to be noted , however , that the made to particular examples and implementations are for 
appended drawings illustrate only certain typical aspects of illustrative purposes , and are not intended to limit the scope 
this disclosure and are therefore not to be considered lim- 65 of the disclosure or the claims . 
iting of its scope , for the description may admit to other The terms " computing device ” and “ mobile device ” are 
equally effective aspects . used interchangeably herein to refer to any one or all of 
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servers , personal computers , smartphones , cellular tele- 100 may also include an input / output module ( not illus 
phones , tablet computers , laptop computers , netbooks , ultra- trated ) for communicating with resources external to the 
books , palm - top computers , personal data assistants ( PDAs ) , SoC , each of which may be shared by two or more of the 
wireless electronic mail receivers , multimedia Internet - en- internal SoC components . 
abled cellular telephones , Global Positioning System ( GPS ) 5 The processors 102 , 104 , 106 , 108 may be interconnected 
receivers , wireless gaming controllers , and similar personal to the USB controller 112 , the memory controller 114 , 
electronic devices which include a programmable processor . system components and resources 110 , CRM 116 , and / or 
While the various aspects are particularly useful in mobile other system components via an interconnection / bus module 
devices ( e.g. , smartphones , laptop computers , etc. ) , which 122 , which may include an array of reconfigurable logic 
have limited resources ( e.g. , processing power , battery , size , 10 gates and / or implement a bus architecture ( e.g. , CoreCon 
etc. ) , the aspects are generally useful in any computing nect , AMBA , etc. ) . Communications may also be provided 
device that may benefit from improved processor perfor- by advanced interconnects , such as high performance net 
mance and reduced energy consumption . works on chip ( NoCs ) . 

The term “ multicore processor ” is used herein to refer to The interconnection / bus module 122 may include or 
a single integrated circuit ( IC ) chip or chip package that 15 provide a bus mastering system configured to grant SoC 
contains two or more independent processing units or cores components ( e.g. , processors , peripherals , etc. ) exclusive 
( e.g. , CPU cores , etc. ) configured to read and execute control of the bus ( e.g. , to transfer data in burst mode , block 
program instructions . The term “ multiprocessor ” is used transfer mode , etc. ) for a set duration , number of operations , 
herein to refer to a system or device that includes two or number of bytes , etc. In some cases , the interconnection / bus 
more processing units configured to read and execute pro- 20 module 122 may implement an arbitration scheme to prevent 
gram instructions . multiple master components from attempting to drive the 

The term “ system on chip ” ( SoC ) is used herein to refer bus simultaneously . 
to a single integrated circuit ( IC ) chip that contains multiple The memory controller 114 may be a specialized hard 
resources and / or processors integrated on a single substrate . ware module configured to manage the flow of data to and 
A single SoC may contain circuitry for digital , analog , 25 from a memory 124 via a memory interface / bus 126. In 
mixed - signal , and radio - frequency functions . A single SoC certain aspects of the present disclosure , the memory 124 
may also include any number of general purpose and / or may be a static random - access memory ( SRAM ) . The 
specialized processors ( digital signal processors ( DSPs ) , SRAM may be implemented using both a gate - all - around 
modem processors , video processors , etc. ) , memory blocks ( GAA ) -type transistor and a fin field - effect transistor ( Fin 
( e.g. , ROM , RAM , flash , etc. ) , and resources ( e.g. , timers , 30 FET ) , as described in more detail herein . 
voltage regulators , oscillators , etc. ) , any or all of which may The memory controller 114 may comprise one or more 
be included in one or more cores . processors configured to perform read and write operations 
FIG . 1 illustrates example components and interconnec- with the memory 124. Examples of processors include 

tions in a system - on - chip ( SoC ) 100 suitable for implement- microprocessors , microcontrollers , digital signal processors 
ing various aspects of the present disclosure . The SoC 100 35 ( DSPs ) , field programmable gate arrays ( FPGAs ) , program 
may include a number of heterogeneous processors , such as mable logic devices ( PLDs ) , state machines , gated logic , 
a processor 102 ( e.g. , central processing unit ( CPU ) ) , a discrete hardware circuits , and other suitable hardware con 
modem processor 104 , a graphics processor 106 , and an figured to perform the various functionality described 
application processor 108. Each processor 102 , 104 , 106 , throughout this disclosure . In certain aspects , the memory 
108 , may include one or more cores , and each processor / 40 124 may be part of the SoC 100 . 
core may perform operations independent of the other Example Static Random Access Memory ( SRAM ) 
processors / cores . The processors 102 , 104 , 106 , 108 may be FIG . 2 illustrates a memory cell 200 of a static random 
organized in close proximity to one another ( e.g. , on a single access memory ( SRAM ) ( e.g. , memory 124 ) , in accordance 
substrate , die , integrated chip , etc. ) so that the processors with certain aspects of the present disclosure . As illustrated , 
may operate at a much higher frequency / clock rate than 45 the memory cell 200 may be coupled to a word line ( WL ) 
would be possible if the signals were to travel off - chip . The 202 of the SRAM . The WL 202 is coupled to a control input 
proximity of the cores may also allow for the sharing of of a pass gate ( PG ) transistor 206 for selectively coupling a 
on - chip memory and resources ( e.g. , voltage rails ) , as well bit line ( BL ) 210 of the SRAM to node N1 ( also referred to 
as for more coordinated cooperation between cores . as an output node ) of a flip - flop ( FF ) 214 , and is coupled to 

The SoC 100 may include system components and 50 a control input of a PG transistor 208 for selectively cou 
resources 110 for managing sensor data , analog - to - digital pling the complementary bit line ( BLB ) 212 to node N2 
conversions , and / or wireless data transmissions , and for ( also referred to as a complementary output node ) of the FF 
performing other specialized operations ( e.g. , decoding 214. The PG transistor 206 and / or the PG transistor 208 may 
high - definition video , video processing , etc. ) . System com- each be implemented using a metal - oxide - semiconductor 
ponents and resources 110 may also include components 55 ( MOS ) transistor of various types , such as a GAA - type 
such as voltage regulators , oscillators , phase - locked loops transistor or a FinFET , as described in more detail herein . 
( PLLs ) , peripheral bridges , data controllers , system control- As illustrated , the FF 214 is coupled between a voltage 
lers , access ports , timers , and / or other similar components rail ( Vdd ) and a reference potential node ( e.g. , electric 
used to support the processors and software clients running ground or Vss ) . The FF 214 includes a pull - up ( PU ) tran 
on the computing device . The system components and 60 sistor 220 ( e.g. , a p - type metal - oxide - semiconductor 
resources 110 may also include circuitry for interfacing with ( PMOS ) transistor ) having a drain coupled to a drain of a 
peripheral devices , such as cameras , electronic displays , pull - down ( PD ) transistor 222 ( e.g. , n - type metal - oxide 
wireless communication devices , external memory chips , semiconductor ( NMOS ) transistor ) , forming part of node 
etc. N1 . The FF 214 also includes a PU transistor 226 having a 

The SoC 100 may further include a Universal Serial Bus 65 drain coupled to a drain of a PD transistor 224 , forming part 
( USB ) controller 112 , one or more memory controllers 114 , of node N2 . The gates of the PU transistor 220 and the PD 
and a centralized resource manager ( CRM ) 116. The SoC transistor 222 are coupled to the node N2 , and the gates of 
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the PU transistor 226 and the PD transistor 224 are coupled GAA transistors , allowing the SRAM to be realized with 
to the node N1 , as illustrated . The nodes N1 and N2 improved performance and / or higher density as compared to 
represent the output and complementary output nodes of the conventional implementations . For example , the SRAM 
FF 214 , respectively . memory cell may include a PD transistor implemented as a 

During a read operation , the BL of the SRAM may be 5 GAA transistor and a PU transistor implemented as 
pre - charged to Vdd , and then the WL of the SRAM is FinFET . As another example , the SRAM memory cell may 
selected . On the side of the memory cell storing a logical include a PD transistor implemented as a GAA transistor 
low , the BL may be discharged via a PG transistor and a PD with PG and PU transistors implemented as FinFETs . The 
transistor , so that a differential voltage develops between the GAA transistor provides flexibility to design an SRAM 
BL and the BLB of the memory cell . The differential voltage 10 memory cell with improved drive current strength ratios , as 
should be large enough for a sense amplifier to detect the described herein . On the other hand , FinFET technology 
state of the cell . The differential voltage should not be too allows for a low number of transistors to be implemented 
large , however , otherwise , the cross - coupled transistors ( in- using a small area with little to no sacrifice of the drive 
verters ) of the FF 214 could flip states , causing a read current strength of the transistors . In other words , a FinFET 
disturbance failure . A read disturbance failure may be caused 15 device with a single fin may provide higher drive current 
by a weak PU transistor ( e.g. , PU transistors 220 , 226 ) strength as compared to GAA transistors given the same 
having insufficient drive current strength . A read failure may footprint . 
also occur if a PD transistor ( e.g. , PD transistors 222 , 224 ) FIGS . 3A , 3B , 3C , and 3D are cross - sectional views of an 
of the SRAM is weak ( e.g. , has low drive current strength ) . example GAA transistor and illustrate example operations 

During a write operation , the bit lines are driven to 20 for fabricating the GAA transistor . As illustrated in FIG . 3A , 
complementary voltage levels via a write driver , and then the first semiconductor layers 302 , 304 , 306 ( e.g. , silicon ger 
word line is selected . On the side of the memory cell for manium ( SiGe ) ) and second semiconductor layers 308 , 310 , 
which the bit line voltage is logic low , the storage node ( e.g. , 312 ( e.g. , silicon layers , also referred to herein as " channel 
N1 ) of the flip - flop is discharged through the PG transistor . slabs " ) may be formed using an epitaxial growth process , 
The cross - coupled inverters raise the voltage on the opposite 25 followed by a patterning of the silicon to form active 
storage node and latch the cell . The discharging strength of regions . As illustrated in FIG . 3B , the first semiconductor 
the PG transistor should overcome the restoring strength of layers 302 , 304 , 306 may be removed in the GAA channel 
the PU transistor . Therefore , a write failure may occur if the region . As illustrated in FIG . 3C , high - k dielectric regions 
PG transistor is weak . 320 , 322 , 324 , work function metal regions 330 , 332 , 334 , 

The SRAM memory cell characteristics are impacted by 30 and metal gate region 340 may be formed all around the 
the PU / PD transistor drive current strength ratio . As used channel slabs of the GAA transistor . As illustrated in FIG . 
herein , drive current strength generally refers to a transis- 3D , a gate contact 350 may be formed for electrical con 
tor's capability to drive current ( e.g. , drain - to - source current nection to the metal gate region 340 . 
( Ids ) or source - to - drain current ( Isd ) ) to a specific node . FIGS . 4A and 4B are top and cross - sectional views , 
SRAM functionality depends on the transistor drive current 35 respectively , of an example SRAM having PG and PD 
strength ratios , which may be referred to as alpha and beta transistors implemented as GAA transistors and a PU tran 
ratios . The alpha ratio generally refers to the ratio of the sistor implemented as a FinFET , in accordance with certain 
drive current strength of the PD transistor over the drive aspects of the present disclosure . For instance , the PD 
current strength of the PG transistor . The beta ratio generally transistor 222 and PG transistor 206 may be implemented as 
refers to the ratio of the drive current strength of the PU 40 GAA transistors , and the PU transistor 220 is implemented 
transistor over the drive current strength of the PG transistor . as a FinFET . The PD transistor 222 of FIG . 4B is a 

To avoid the memory failures described herein , the drive cross - section taken through line B - B ' in FIG . 4A , the PG 
current strength of the PD transistor should be higher than transistor 206 of FIG . 4B is a cross - section taken through 
the drive current strength of the PG transistor , and the drive line A - A ' in FIG . 4A , and the PU transistor 220 of FIG . 4B 
current strength of the PG transistor should be higher than 45 is a cross - section taken through line C - C ' in FIG . 4A . The 
the drive current strength of the PU transistor . To overcome PU transistor 220 is implemented as a FinFET due to the 
fin field - effect transistor ( FinFET ) SRAM memory cell relatively small footprint of FinFETs as compared to GAA 
shortcomings , read / write assistance circuitry may be imple- transistors given the same drive current strength . 
mented , which increase SRAM area , especially when many The PD transistor 222 implemented as a GAA transistor 
small SRAM compiler instances are used in a design . 50 may have wider channel slabs 402 , 404 , 406 as compared to 
Aspects of the present disclosure provide techniques for the slabs 408 , 410 , 412 of the PG transistor 206 , such that 
reducing memory failures while maintaining a relatively the drive current strength of the PD transistor 222 is greater 
small SRAM footprint as compared to conventional imple- than the drive current strength of the PG transistor 206 . 
mentations . Moreover , the PU transistor 220 may be implemented as a 

Complementary metal - oxide - semiconductor ( CMOS ) 55 FinFET having lower drive current strength than the PG 
technology has scaled from planar transistor to FinFET , and transistor 206 and having a smaller footprint as compared to 
may migrate to nano - sheet gate - all - around ( GAA ) devices . the PG transistor 206 . 
GAA devices may overcome FinFET device scaling restric- FIGS . 5A and 5B are top and cross - sectional views , 
tions with improved short channel effect , channel length respectively , of an example SRAM having a PD transistor 
reduction , and gate pitch reduction . GAA technology allows 60 implemented as a GAA transistor and PU and PG transistors 
for an increase of drive current strength for the transistor implemented as FinFETs , in accordance with certain aspects 
with a larger effective device width . GAA drive current of the present disclosure . For instance , the PD transistor 222 
strength may be adjusted by changing the nano - sheet width may be implemented as GAA transistor , while the PU 
( e.g. , the width of channel slabs of the GAA device ) , as transistor 220 and the PG transistor 206 may be imple 
described in more detail herein . 65 mented as FinFETs . The PG transistor 206 of FIG . 5B is a 

Certain aspects of the present disclosure are directed to an cross - section taken through line A - A ' in FIG . 5A , the PD 
SRAM memory cell implemented using both FinFET and transistor 222 of FIG . 5B is a cross - section taken through 
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line B - B ' in FIG . 5A , and the PU transistor 220 of FIG . 5B connected and configured , enable the performance of the 
is a cross - section taken through line C - C ' in FIG . 5A . The functions described in the present disclosure , without limi 
PU transistor 220 and the PG transistor 206 are implemented tation as to the type of electronic circuits . 
as FinFETs due to the relatively small footprint of FinFETs The apparatus and methods described in the detailed 
as compared to GAA transistors given the same drive current 5 description are illustrated in the accompanying drawings by 
strength . Thus , the PD transistor 222 may have a stronger various blocks , modules , components , circuits , steps , pro 
drive current strength as compared to the PG transistor 206 . cesses , algorithms , etc. ( collectively referred to as “ ele 
In certain aspects , the PG transistor 206 may be imple- ments ” ) . These elements may be implemented using hard 
mented with a lower drive current strength as compared to ware , for example . 
the PU transistor . One or more of the components , steps , features , and / or 

FIGS . 6A and 6B are top and cross - sectional views , functions illustrated herein may be rearranged and / or com 
respectively , of an example SRAM having PD and PU bined into a single component , step , feature , or function or 
transistors implemented as GAA transistors and a PG tran- embodied in several components , steps , or functions . Addi 
sistor implemented as a FinFET , in accordance with certain tional elements , components , steps , and / or functions may 
aspects of the present disclosure . For instance , the PD 15 also be added without departing from features disclosed 
transistor 222 and the PU transistor 220 are implemented as herein . The apparatus , devices , and / or components illus 
GAA transistors , while the PG transistor 206 is implemented trated herein may be configured to perform one or more of 
as a FinFET . The PG transistor 206 of FIG . 6B is a the methods , features , or steps described herein . 
cross - section taken through line A - A ' in FIG . 6A , the PD It is to be understood that the specific order or hierarchy 
transistor 222 of FIG . 6B is a cross - section taken through 20 of steps in the methods disclosed is an illustration of 
line B - B ' in FIG . 6A , and the PU transistor 220 of FIG . 6B exemplary processes . Based upon design preferences , it is 
is a cross - section taken through line C - C ' in FIG . 6A . As understood that the specific order or hierarchy of steps in the 
illustrated , the PD transistor 222 is implemented with rela- methods may be rearranged . The accompanying method 
tively wide slabs 702 , 704 , 706 ( e.g. , as compared to the PU claims present elements of the various steps in a sample 
transistor 220 ) such that the PD transistor 222 has a higher 25 order , and are not meant to be limited to the specific order 
drive current strength as compared to PG transistor 206 or hierarchy presented unless specifically recited therein . 
implemented as a FinFET . The PU transistor 220 is imple- The previous description is provided to enable any person 
mented as a GAA transistor with relatively short slabs 710 , skilled in the art to practice the various aspects described 
712 , 714 ( e.g. , as compared to the PD transistor 222 ) such herein . Various modifications to these aspects will be readily 
that the PU transistor 220 has a lower drive current strength 30 apparent to those skilled in the art , and the generic principles 
as compared to the PG transistor 206 implemented as a defined herein may be applied to other aspects . Thus , the 
FinFET . claims are not intended to be limited to the aspects shown 
FIGS . 7A and 7B are top and cross - sectional views , herein , but are to be accorded the full scope consistent with 

respectively , of an example SRAM having PG and PU the language of the claims , wherein reference to an element 
transistors implemented as GAA transistors and a PD tran- 35 in the singular is not intended to mean “ one and only one ” 
sistor implemented as a FinFET , in accordance with certain unless specifically so stated , but rather “ one or more . ” 
aspects of the present disclosure . For instance , the PG Unless specifically stated otherwise , the term “ some ” refers 
transistor 206 and the PU transistor 220 are implemented as to one or more . A phrase referring to “ at least one of a list 
GAA transistors , while the PD transistor 222 is implemented of items refers to any combination of those items , including 
as a FinFET . The PG transistor 206 of FIG . 7B is a 40 single members . As an example , “ at least one of : a , b , or c " 
cross - section taken through line A - A ' in FIG . 7A , the PD is intended to cover at least : a , b , c , a - b , a - c , b - c , and a - b - c , 
transistor 222 of FIG . 7B is a cross - section taken through as well as any combination with multiples of the same 
line B - B ' in FIG . 7A , and the PU transistor 220 of FIG . 7B element ( e.g. , a - a , a - a - a , a - a - b , a - a - c , a - b - b , a - c - c , b - b , b - b - b , 
is a cross - section taken through line C - C ' in FIG . 7A . As b - b - c , c - c , and c - c - c or any other ordering of a , b , and c ) . All 
illustrated , the PG transistor 206 and the PU transistor 220 45 structural and functional equivalents to the elements of the 
are implemented as GAA transistors with short slab widths various aspects described throughout this disclosure that are 
such that the drive current strength of the PG transistor 206 known or later come to be known to those of ordinary skill 
and the PU transistor 220 are less than the drive current in the art are expressly incorporated herein by reference and 
strength of the PD transistor 222 implemented as a FinFET . are intended to be encompassed by the claims . Moreover , 

Within the present disclosure , the word " exemplary ” is 50 nothing disclosed herein is intended to be dedicated to the 
used to mean “ serving as an example , instance , or illustra- public regardless of whether such disclosure is explicitly 
tion . ” Any implementation or aspect described herein as recited in the claims . No claim element is to be construed 
“ exemplary ” is not necessarily to be construed as preferred under the provisions of 35 U.S.C. § 112 ( f ) unless the 
or advantageous over other aspects of the disclosure . Like- element is expressly recited using the phrase “ means for ” or , 
wise , the term “ aspects ” does not require that all aspects of 55 in the case of a method claim , the element is recited using 
the disclosure include the discussed feature , advantage , or the phrase " step for . " 
mode of operation . The term “ coupled ” is used herein to What is claimed is : 
refer to the direct or indirect coupling between two objects . 1. A static random - access memory ( SRAM ) memory cell , 
For example , if object A physically touches object B and comprising : 
object B touches object C , then objects A and C may still be 60 a flip - flop ( FF ) having a pull - up ( PU ) transistor and a 
considered coupled to one another- even if objects A and C pull - down ( PD ) transistor ; and 
do not directly physically touch each other . For instance , a a pass - gate ( PG ) transistor coupled between a bit line 
first object may be coupled to a second object even though ( BL ) of the SRAM memory cell and the FF , a gate of 
the first object is never directly physically in contact with the the PG transistor being coupled to a word line ( WL ) of 
second object . The terms " circuit " and " circuitry ” are used 65 the SRAM memory cell , wherein : 
broadly and intended to include both hardware implemen- the PD transistor comprises a gate - all - around ( GAA ) 
tations of electrical devices and conductors that , when transistor ; 
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the PG transistor comprises a first fin field - effect tran- 10. A static random - access memory ( SRAM ) , comprising : 
sistor ( FinFET ) ; and a plurality of memory cells , each of the plurality of 

the PU transistor comprises a second FinFET . memory cells comprising : 
2. The SRAM memory cell of claim 1 , wherein a drive a flip - flop ( FF ) having a pull - up ( PU ) transistor and a current strength of the PD transistor is greater than a drive 5 pull - down ( PD ) transistor ; and current strength of the PG transistor . a pass - gate ( PG ) transistor coupled between a bit line 3. The SRAM memory cell of claim 1 , wherein : ( BL ) of the SRAM and the FF , a gate of the PG the PG transistor comprises an n - type metal - oxide - semi 

conductor ( NMOS ) transistor ; transistor being coupled to one of a plurality of word 
lines ( WLs ) of the SRAM , wherein : the PD transistor comprises another NMOS transistor ; and 10 

the PU transistor comprises a p - type metal - oxide - semi the PG transistor comprises a first gate - all - around 
conductor ( PMOS ) transistor having a source coupled ( GAA ) transistor ; 
to the NMOS transistor and to a source of the other the PU transistor comprises a second GAA transistor ; 
NMOS transistor . and 

4. The SRAM memory cell of claim 1 , wherein a a drive 15 the PD transistor comprises a fin field - effect transis 
current strength of the PG transistor is less than a drive tor ( FinFET ) . 
current strength of the PU transistor . 11. The SRAM of claim 10 , wherein a drive current 

5. A static random - access memory ( SRAM ) memory cell strength of the PG transistor is less than a drive current 
comprising : strength of the PD transistor . 

a flip - flop ( FF ) having a pull - up ( PU ) transistor and a 20 12. The SRAM of claim 10 , wherein : 
pull - down ( PD ) transistor ; and the PG transistor comprises an n - type metal - oxide - semi a pass - gate ( PG ) transistor coupled between a bit line conductor ( NMOS ) transistor ; ( BL ) of the SRAM memory cell and the FF , a gate of 
the PG transistor being coupled to a word line ( WL ) of the PD transistor comprises another NMOS transistor ; and 
the SRAM memory cell , wherein : the PU transistor comprises a p - type metal - oxide - semi 

the PG transistor comprises a fin field - effect transistor conductor ( PMOS ) transistor having a source coupled 
( FinFET ) ; to the NMOS transistor and to a source of the other 

the PD transistor comprises a first gate - all - around ( GAA ) NMOS transistor . 
transistor ; and 13. The SRAM of claim 10 , wherein a drive current 

the PU transistor comprises a second GAA transistor . 30 strength of the PU transistor is less than a drive current 
6. The SRAM memory cell of claim 5 , wherein a width of strength of the PD transistor . 

a channel slab of the PD transistor is greater than a width of 14. The SRAM memory cell of claim 5 , wherein a drive 
a channel slab of the PU transistor . current strength of the PU transistor is less than the drive 

7. The SRAM memory cell of claim 5 , wherein a drive current strength of the PG transistor . 
current strength of the PD transistor is greater than a drive 35 15. The SRAM of claim 10 , wherein a width of a channel current strength of the PG transistor . slab of the PG transistor is smaller than a width of a channel 

8. The SRAM memory cell of claim 1 , wherein the GAA slab of the PD transistor . transistor comprises a channel and a gate region surrounding 
the channel . 16. The SRAM of claim 10 , wherein a width of a channel 

9. The SRAM memory cell of claim 1 , wherein each of the 40 slab of the PU transistor is smaller than a width of a channel 
slab of the PD transistor . first FinFET and the second FinFET comprises a fin and a 

gate region adjacent to at least two sides of the fin . 

25 


